Introduction
Fetal movements have been studied throughout pregnancy. The evolution of these movements and its significance for fetal developmental progress and prognosis has been evaluated [1, 11] . SADOVSKY considered fetal movements as an expression of fetal well-being. He suggested that decreased fetal movements are a sign of chronic fetal distress. He also showed that a pronounced decrease in movements, culminating in the cessation of fetal movements occurred in the terminal stages of fetal death in utero, although fetal heart beats were still audible for at least twelve hours after movements had ceased [10] .
RICHARDSON et al. [8] studied human fetal breathing movements before and during elective induction of labor in uncomplicated term pregnancies. They found that episodes of fetal breathing movements continued until the onset of the active phase of labor. At thi£ stage, no episodes of fetal breathing movements were observed. They concluded that during active labor rapid irregular fetal breathing movements do not normally occur. PATRICK and CHALLIS [7] measured fetal breathing movements during spontaneous labor at term in two patients. In both patients there was an increase in FBM during early labor, but they observed a reduction in FBM at the stage of active labor in one patient. BOYLAN et al. [2] who studied 22 patients during labor, found that fetuses spend 36% of their time making breathing movements antenataly but this decreased to less than 1% during labor. WHITTMANN et al. [12] who observed fetal activity by realtime ultra-sound for one hour in 25 patients in labor, found fetal respiratory movements in 13 patients, but reduced compared to the antenatal period. Fetal body and/or extremity movements were observed in all patients. Fetal movements were significantly correlated with contractions and fetal heart rate accelerations.
The aim of this study is to describe normal intrapartum fetal movements, and breathing movements and to correlate them with fetal heart rate monitoring during labor, and with cord blood pH values and Apgar scores.
Material and methods
The study included 18 patients with singleton, normal, uncomplicated pregnancies of 37 to 42 weeks of gestation (average 39.8 weeks). All patients were in active labor (three or more uterine contractions per 10 minutes, with progressive cervical changes). The patients were invited to participate in the study after being given detailed information concerning the goal of realtime scanning of the fetus during labor and the experimental nature of the study. In twelve patients the cervix was dilated to between two and five cm and in six the cervical dilatation was between 6 and 9 cm at the start of the study. All fetuses were in vertex presentations. The head was in a < 0 station in eleven cases and in a > 1 station in seven cases. No signs of fetal distress were seen in any of the fetuses (i.e. they had normal fetal heart patterns and clear amniotic fluid). All birth weights were between the 5th and 95th percentile limits for gestational age. Patients had their membranes ruptured at 5 cm or more cervical dilatation. Continuous ultrasound scanning was performed in each patient for one hour using a realtime linear array scanner (ADR, 4000 S/ LC, Tempe, AR) equipped with a 3.5 MHZ transducer. The transducer was placed on the maternal abdomen so that the fetal thorax, part of the head, upper abdomen and part of the fetal limbs could be visualized at the same time. The ultrasound monitoring was stored by a video tape recorder. The fetal heart rate (FHR) and uterine contractions (UC) were also simultaneously recorded using the Advanced medical systems 1M-88 (Litton Datamedix) cardiotocograph, and synchronized with the fetal behavior. The cord venous blood pH was ascertained after delivery used a blood gas analyzer (ABLs Radiometer, Copenhagen). Apgar scores at one and five minutes after delivery were used to evaluate the newborn in the immediate postpartum period. The videotape recording of FM and FBM together with the FHR and UC monitorings were reviewed later in a synchronous manner using a stop watch to measure precisely the duration of FM and FBM. The magnitude of FHR accelerations associated with FM were also measured and correlated with strong fetal movements (intense body or limb movements) or weak fetal movements (weak body movements, isolated head or limb movements).
Results
All patients had normal, uncomplicated labors. Cord venous blood pH was > 7.25, and Apgar scores of > 7 at 5 minutes were recorded in all newborns.
Fetal movements (FM):
The average percentage incidence of fetal movements (the percentage of observation time during which fetal movements were observed) was 19.5 per cent, the range (table I) . In fourteen patients who were not under any narcotic analgesia at the time of the study, the percentage incidence of FM had a tendency to decrease linearly as the cervical dilatation increased (figure 1). In the remaining four patients who were under narcotic analgesia the percentage incidence of fetal body movement was 11.5 per cent. These patients were treated with 40 mg of alphaprodine hydrochloride (Nisentil, Roche) given subcutaneously 30 to 120 minutes before the beginning of the study. In four patients who were at the same stage of labor, but without alphaprodine hydrochloride medication, the percentage incidence was significantly higher, 24.1 per cent (figure 1).
Fetal breathing movements (FBM):
In 16 of the 18 patients FBM was observed. The percentage incidence ranged from 0 to 27 per cent with an average of 8.5 per cent. The average duration of a single breathing epidsode was 57 seconds and the range was between 22 and 84 seconds. Breathing movements mainly occurred between uterine contractions. In the patients who were under narcotic analgesia, the mean PI of FBM was only 3.6 per cent, while in those without narcotic analgesia the mean was 9.9 per cent. No significant changes in the PI of FBM were found throughout labour (figure 2).
Total fetal activity (TFA):
The percentage incidence of TFA ranged from 12.1 to 43.0 per cent, with a mean of 27.5 ± 8.9 per cent (table  II) . Fetuses of mothers with narcotic analgesia, showed lower PI of TFA than these of mothers without narcotic analgesia, the mean being 15.1 and 31.1 per cent respectively (figure 3).
Fetal heart rate (FHR):
Fetal heart rate baselines were between 135 and 160 bpm and the variability ranged from 5 to 20 bpm. All body movements were associated with accelerations of 14 to 27 bpm. Stronger body movements such as rolling or strong kicking were associated with higher FHR accelerations. For the strong movements FHR accelerations were 15 -40 bpm and for the weak movements, such as isolated limb or head movement they were 5 -15 bpm. No FHR accelerations were observed during isolated fetal breathing movements, which were not accompanied by FM.
Discussion
Fetal movements (FM) and fetal breathing movements (FBM) are indicators of fetal wellbeing. These fetal activities, with FHR reactivity, fetal tone and amniotic fluid volume constituted the biophysical profile of the fetus which has been widely used to measure fetal vitality.
In this study we followed the fetuses during active labor. All the 18 fetuses were normal without signs of asphyxia, and demonstrated good heart rate reactivity (two or more fetal heart rate accelerations of at least 15 bpm for at least 15 seconds associated with FM in a 20-minute period). The finding that all fetal movements were associated with FHR accelerations could suggest that FHR acceleration which are not associated with uterine contractions most probably reflect fetal movements. This assumption is well correlated with the findings of KREBS et al. These authors found that there is a good correlation between the number of sporadic accelerations (which are not associated with uterine contractions) during labor and fetal outcome. The more accelerations, the lower the incidence of Apgar scores of < 7 at 1 minute and at 5 minutes [5] . To date, there is no report that we are aware of in the literature which deals with the correlation between the vigor of FM and the magnitude of FHR accelerations. We found that strong FM were associated with higher FHR accelerations. This might suggest that a stronger stimulus originating in the central nervous system (CNS) is responsible for the stronger FM and the higher FHR accelerations.
ROBERTS et al. [9] who studied fetal movements in the third trimester of pregnancy, found that the percentage incidence of FM was 18, the range over a 24-hour period being from 11 to 26 per cent. Our findings of a 19.5 per cent incidence of FM with a range from 10.1 per cent to 28.6 per cent, are closely related to those of Roberts and colleagues in the third trimester. However, we found a linear decrease in FM as labor progressed. EHRENSTROM [4] and WOOD et al. [13] found a decrease in FM during the third trimester of pregnancy as it were perceived by the mother. They suggested that the finding could be explained by the relative decrease of amniotic fluid and therefore, the decrease of free space in the amniotic sac. This hypothesis might be questioned. Although during active labor and especially after a rupture of membranes, less amniotic fluid and less free space is available for the fetus, a decrease in the amplitude rather than a decrease in the frequency of the movements, might be expected. It is interesting to note that fetuses of mothers who were given narcotics in labor show significantly decreased movements and breathing movements. However, because of the small number of patients no definite conclusion can be drawn.
RICHARDSON et al. [8] studied human FBM before and during induction of labor in uncomplicated term pregnancies. Fetal breathing movements were observed for a one hour control period prior to induction. Fetal breathing activity was observed until the onset of labor. Following the onset of labor, no episodes of normal FBM were observed. They examined the effects of epidural anesthesia, ruptured membranes, oxytocin infusion, maternal blood glucose and maternal venous blood gases and could not find any explanation of the arrest of FBM during active labor. The fetuses all had a good outcome and the authors concluded that during active labor rapid irregular FBM do not normally occur.
PATRICK and CHALLIS [7] happened to measure FBM during spontaneous normal delivery in two cases. In both patients there was an increase in FBM in early labor which was not related to maternal meals. The first patient was not followed further. In the second patient, FBM fell to very low levels, when she developed active labor. At this stage the study was stopped. Both patients delivered healthy fetuses with very good Apgar scores. CASTLE and TURNBALL [3] studied FBM in preterm fetuses in 54 patients before 34 weeks gestation. In 19 or 20 pregnancies with no detectable fetal breathing (during 45 minutes of observation), delivery occurred within 48 hours, whereas in 25 of 34 with fetal breathing pregnancy continued for a week or more. Of the remaining nine, seven had had spontaneous membrane rupture. They suggested that prostaglandin Fi-alpha, which is apparently originating from the placenta in true labor, can inhibit FBM.
In our present study we observed FBM in 16 of the 18 patients. The mean percentage incidence of FBM in labor was 8.5 per cent. Patrick et al. [6] and Roberts et al. [9] found that the percentage incidence of FBM over a 24 hour period in the third trimester of pregnancy was 31 per cent. Unlike the results of Richardson et al. [8] we observed FBM in most of the patients, even during the active phase of labor. This might indicate the autonomous nature of FBM. The results of this study indicate that the normal fetus continues with its "routine" activities during labor. These fetal activities may prove helpful in the intrapartum assessment of the fetus. This hypothesis is currently being tested prospectively by our group.
Summary
Fetal activity throughout pregnancy has been thoroughly studied. Relatively little informations regarding intrapartum fetal activity is available. RICHARDSON et al. [8] found no fetal respiratory movements. While BOYLAN et al. [2] and WHITTMANN et al. [12] reported decreased fetal breathing movements in active labor. This study was undertaken to evaluate the normal pattern of fetal activity in labor. Fetal movements (FM) and fetal breathing movements (FBM) were monitored by realtime ultrasound during active labor at term. The incidence of FM and FBM were measured in 18 fetuses. Results were correlated with simultaneous fetal heart rate (FHR) changes, postpartum cord blood pH and Apgar score. Recordings were made for one hour on every patient. 
